Background: Nowadays, sleep-related problems are a prevalent occurrence among university students. Poor sleep quality is one of the most studied aspects of sleep complaints, affecting from 10% to 50% of this population. Poor sleep quality consequences are many and have a profound impact in the student's psychobiological health. University students live through a period of psychological challenge and adaptation, since the transition from high school to professional life. Abrupt autonomy challenges students to deal with many choices, from their academic and social life to their intimate habits. Frequently, sleep hygiene is neglected, or they are unable to use proper coping mechanisms, resulting in disturbing consequences that could impact their lives as adults. Research has found a significant association between sleep quality and depression or depressive symptoms, but this relationship is still somewhat difficult to interpret. Objective: The objective of this review is to appraise the current knowledge around the relationship of sleep with depression in this group of young adults. Data Source: Articles included in Medline database. Methods: After a careful search, the articles selected aimed mainly college students. The studies had sleep quality and depression objectively assessed, focused in the relationship between both, and addressed possible influencing factors. Results: The current literature still supports a bidirectional relationship between sleep and depression, however, the importance of sleep quality is becoming a very relevant variable. Conclusion: Education and the application of policies regarding sleep hygiene may prevent, in some cases, the development of depression and improve the quality of sleep in other cases. Future research should clarify the relationship between sleep problems and depression in a way they could be prevented or, at least, minimalized with effective and achievable interventions.
INTRODUCTION
When young adults go through university, they experience a period of psychological challenge and adaptation, since the transition from high school to professional life. The sudden autonomy challenges students with varying choices, from their academic and social life to their intimate habits. Frequently, some important dimensions of their lives are sacrificed, being sleep hygiene often neglected, and in the presence of frustration or life changes, they are unable to use proper coping mechanisms, resulting in problematic consequences that could impact their lives through academic life and as adults.
The occurrence of poor mental health among university students varies, but nonetheless the rates of depressive symptoms can go as high as 50% in some countries 1 . Along with this situation, the deterioration of good sleep habits may be contributing to the poor mental health seen in this population. Sleep quality, a measurement that is related to sleep hygiene, has been shown to be poor in this population in different countries, affecting in some cases around 50% of the students [1] [2] [3] . An accumulation of research shows that the relationship between disturbed sleep and depression is complex and bidirectional. As this relation is better understood, a dedicated intervention both on sleep quality and depression could prevent the emerging problem in the affected student populations, as well as serving as prevention in the post-graduated young adults.
The aim of this systematic review is therefore to appraise the current available literature that specifically probes this relation, focusing mainly which of the variables of depression, depression symptoms or poor sleep quality may contribute more to the problem. Additionally, this review also aims to appreciate some of the factors that can potentially interfere in this relation. Also understand how do sleep quality and depression impact this population, which instruments are being used to address this subject, what is the current situation in the understanding of the relationship of sleep quality and depression, and how this subject has been studied.
MATERIAL AND METHODS
This review methodological approach has been based in PRISMA's guidelines, available at "prisma-statement.org/". Pubmed was queried for all references from 1970 through July 22, 2017 for studies related to depression associated to sleep in college students or young adults. The search terms were In a first phase selection, repeated articles were sorted out, and the remaining articles were selected by title, having as inclusion criteria the combination of the terms "sleep", "sleep quality", "depression", "depressive symptoms", "college", "students", "young adults", "university", "population".
In a second phase, the selected articles were individually read and submitted to the following criteria: 1) any type of article, excluding reviews, meta-analyses and editorial notes; 2) population attending college or young adults not attending to college or any specific education institution; 3) clear methodology and generally accepted data collection instruments, related to assess depression, depressive symptoms, sleep and sleep quality, coherent with the intervention; 4) the outcome would be associated with sleep, sleep quality, depression and depressive symptoms; 5) exclusion of any article in which the outcome would relate intentionally to insomnia or other sleep disturbances, other than affecting sleep quality.
The data retrieved from each article included the study type, the country, the population context, the methodology, the reported limitations, the outcomes regarding the instrument used. Also, data was retrieved concerning other factors the authors consider having influence in the main outcomes in each study.
RESULTS
From the initial search, 705 articles were selected. After the first phase selection, 66 were selected, which followed to be selected in the second phase selection, resulting in 32 articles which were included in the review (Figure 1) .
From all articles, 13 were from North America (11 -USA; 1 Canada; 1 Mexico), 10 were from Asia (5-Japan; 3 China; 1 Thailand; 1 Nepal), 2 from Oceania (2-Australia), 2 from Europe (1-Austria; 1-Poland), 2 from Middle East (1-Turkey; 1-Lebanon), 2 from Africa (1-Nigeria; 1-Ethiopia) and 1 study regarding various geographic proveniences.
The study types included 22 cross-sectional studies, 7 longitudinal studies, 1 experimental study, 1 pilot study and 1 quasi-experimental study.
Population
A great portion of the studies included a general college student population (26) , although some were specific college schools (Medicine -2; Nursery -1; Arts -1) and two studies included both college students and young adults.
Methodology applied
Regarding sleep and sleep quality the most used instrument used was the Pittsburgh Sleep Quality Score (PSQI), as one article used the PSQI associated with actigraphy. Regarding depression or depressive symptoms, the most used instrument was the Center for Epidemiologic Studies Depression Scale (CES-D), 13 articles and the other articles used a variety of other scales. Table 1 summarizes the methodology applied.
DISCUSSION
The results in this systematic review reinforce the notion that there is a strong association between sleep quality, or sleep hygiene, and depression or depressive symptoms ( Table 2 ). The literature is not consensual of the direction of association, and some authors hypothesize there is a bidirectional association between sleep and depression [4] [5] [6] [7] . In terms of cross-sectional 4, 5, [8] [9] [10] . A quasi-experimental study comparing two different types of interventions for improving sleep quality showed reduction in depressive symptoms in both interventions 11 . One experimental study established a model in which poor sleep quality was associated with greater difficulty disengaging attention from negative stimuli, which in turn predicted upsurges in depressive symptoms 12 . There is also evidence that poor sleep quality is associated with greater struggle disengaging attention from negative stimuli, which will increase depressive symptoms 12 
.
In the perspective of depression, students who are depressed are less likely to use adaptive coping strategies, therefore may experience diminished sleep quality or greater sleep start time variability 10, 19 . There is also evidence that as depression increases in severity, the odds ratio or risk of poor sleep quality also increase 1, 15 . Episodic and chronic depression are both linked to sleep quality. Despite episodic depressive symptoms being significant predictors of sleep complications, chronic depressive symptoms are particularly greater predictors 4 . Interestingly one of the longitudinal studies, which studied the transition from high-school to college, found that pre-transition depressive symptoms were associated with subsequent post-transition subjective and objective sleep problems, but not the reverse. However post-transition depressive symptoms were concurrently associated with greater sleep problems 8 . In an interesting opposite view, in the point of view from optimism, one longitudinal study found that optimism is a predictor of sleep quality 31 . Regarding the studies' overall results, it´s plausible to affirm that in the presence of a bidirectional relationship, selfreported sleep quality is being shown to be more consistent as a predictor of depression or depressive symptoms, despite depression itself also constitutes a predictor of sleep quality.
Factors influencing sleep quality and depression Sex
Females have been found to have higher risk of poor sleep quality, which may be associated by the gender-based differences in the biology of sleep 26 or contact to socio-economic Continuation Table 2. pressures and cultural norms, reaction, and coping mechanisms to life stresses, in addition to biological factors 27 . Interestingly one study revealed that poor sleep quality is related to depressive symptoms in males, but stress in females 19 . Existing studies do not deliver information on whether gender difference remains significant after concurrently considering the impact of other socio-demographic, lifestyle factors, and affective disorders. The gender difference in sleep problems is mostly attributed to the physiologic differences, the importance of affective disorders and socioeconomic inequalities, indicating these may be the pathway variables through which gender disparity in poor sleep is displayed 26 .
Genetic Factors
A longitudinal study found that individuals carrying 2 alleles with the low-polymorphism of the serotonin transporter gene 5-HTTLPR reported more depressive mood in the presence of a persistent pattern of short nocturnal sleep. Thus, exposure to chronic levels of insufficient or disrupted sleep may manifest a preexisting vulnerability in genetically susceptible individuals 5 . Other longitudinal study found that the number of G alleles in rs11932595, from the CLOCK gene, is positively associated with self-reported sleep quality, suggesting that polymorphisms within this gene may be considered a factor 12 . Continuation Table 2 .
Year of study and College
Some authors found that increasing year of study in university or college predicted good sleep quality. It indicates that students in later years may have developed better coping strategies for their academic life 1, 21, 29 . There is also evidence that poor sleep quality and depression is common among medical students 32 . Thus the demands over specific students in different schools may also contribute to influence the first.
Use of technology
With the recent technological advancement, a new factor may have appeared as a potential influencer in the relationship between sleep and depression. This is evident when studies prior to the technological boom of electronic devices didn't account this variable 33, 34 . Some authors found that waking up to answer one's phone predicted lower sleep quality, which in turn predicted depression 18 . In another study, depression acted as a mediator between smartphone overuse and poor sleep quality. The mechanisms behind this phenomenon may be due to probably affecting sleep architecture, alteration of melatonin release by influence of bright light, displacement of sleep, influence of electromagnetic fields emitted from the devices on brain activity, physical discomfort during its usage or because of cognitive, emotional or physiological arousal 22 .
Chronotype
As individuals may be classified as either morning-types, intermediate types or evening-types, some studies report that circadian preferences may have an important role in the connection between sleep and depression 10, 31, 32 . The literature reveals mixed results concerning this factor. Several studies settle that an evening chronotype is linked to poor sleep quality among young adults and college students 32 . Some authors support that the prevalence of depressive symptoms was significantly higher among students with a late bedtime and prolonged sleep-onset latency 20, 29 . One longitudinal study suggests that morning-type chronotype has a protective effect against the potential harm of poor sleep on optimism, yet not against the damage of pessimism on sleep quality 31 . However, one study found that 40% of evening-types were classified as having good sleep characteristics and did not generally differ on the sleep characteristics relative to most of morning-types, who reported good sleep. The authors propose that perceived morningness-eveningness may not account to influence sleep quality 10 . Regarding weekend, one study suggests that students tend to maintain similar sleep wake patterns across the week and weekend 10 . However, other study reported that students sleep significantly longer in weekends, mainly females 27 .
Sleep Quantity
The mechanisms underlying the association between bedtime and depression remain unknown as some authors haven't found a consistent relation between sleep duration and depression 29 . However, some authors support that short sleep duration is associated with increased depressive symptoms in a U-shaped relationship20. Despite these contradictory results, some authors found that there are significant improvements in several sleep patterns across the transition from high-school to college: increases in sleep efficiency, sleep minutes, and subjective sleep quality after this transition 23 .
Studies Limitations
Regarding the cross-sectional studies, the studies were limited mainly by their nature. In this case, causality is impossible to be established 7 . As the questionnaires used were mostly self-reported, being a subjective measure, recall bias must be accounted. Confirmation of these results using objective measurements, such as actigraphy monitoring throughout the day, would be desirable 8, 20 . In the case of longitudinal studies which used actigraphy, sample size is one of the most significant limitations. The validity of the usage of this instrument is yet to be determined 12 .
The students who were able to participate in these studies were expected to maintain a healthy lifestyle and relatively good mental health. Consequently, the students who could not participate in the studies might be likely to have more severe problem and become socially withdrawn with problems such as sickness and absenteeism in the future. Such high-risk students should have been included in the studies 20 . Other compensatory sleep habits haven't been accounted for, such as napping or nodding in the classroom 20 . Also, the weekend period was only considered in two of the studies 10, 27 , which may have an important role in the characteristics in the subject's sleep phase 21 . The presence of mental health problems and poor sleep quality was assessed by standardized clinical questionnaires. However, these measures are not equivalent to clinical diagnoses 35 , and these instruments have their own limitations. For example, PSQI may underestimate the outcomes of sleep quality 26 and both CES-D and DASS-21 instruments measure short-term depressive mood, therefore the outcome may not reproduce long-term associations that would result in clinical depression 6 .
LIMITATIONS
This systematic review has its own limitations. First, it only used one search engine and only searched for studies written in English. It is possible that a great quantity of relevant articles has been missed out and its results could bring a different perspective. Second, the focus on depression and sleep is not totally realistic, since depression and sleep quality are influenced by many other variants such as stress, anxiety or physical health, which in term may have an important role in their relationship 16, [35] [36] [37] . This indicates that the relationship between sleep and depression is a complex phenomenon and its approach by simplifying the variables may not represent the reality of the problem. Third, this review focused in a very specific population with habits and pressures that may not be seen in the general population, thus the variables may be influenced by other mechanisms not applied to college students. For example, university students have later sleep and wake times, higher rates of daytime sleepiness, and physical and mental health complaints, than the general population 37 . Fourth, the impact of socioeconomic and cultural factors was not deeply explored in this review as it includes studies from developed and under development countries.
CONCLUSION
It is becoming consistent that self-reported low sleep quality is a predictor of depression or depressive symptoms, at least regarding the young adults that attend universities and colleges. However, it is important to acknowledge that sleep disturbances and depression have a bidirectional association, so depression also influences sleep, as a recent meta-analysis on older adults found 38 . Defended by many of the authors, and demonstrated by an experimental study, an intervention in sleep hygiene can have benefic effects on reducing depression among the students. The institutions should recognize the importance of sleep hygiene and educate its population of its consequences, having in consideration that this population is probably unaware of this problem and it's late night culture.
As the understanding of the complexity of sleep is becoming clearer, also pragmatic interventions should result from its study. In this direction, some research has already been conducted, demonstrating that cognitive behavioral self-help programs can improve sleep and depressive symptoms 11 . The research on this field still has its challenges concerning the measurements. However, with the uprising in the miniaturization of technology, the actigraphy may become cheaper and easy to use and so giving the possibility of a profound study, among others, of the sleep habits in the human populations.
Finally, there is a lack of evidence in how the different grades of depression affect sleep quality and vice versa. This could possibly demonstrate if sleep affects the progression of depression's severity, if there is a correlation between the worsening of the quality of sleep and depression stage, or how different types of depression relate to sleep.
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